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Background. Ceftriaxone (CTX) and penicillin G (PCN G) are considered reasonable treatment options for viridans group
streptococci (VGS) bloodstream infections, but comparisons between these agents are limited. We evaluated clinical outcomes
among patients treated with these agents for complicated VGS bacteremia.

Methods. This was a single-center retrospective study of adult patients with >1 positive VGS blood culture who were treated
with either CTX or PCN G/ampicillin (both included in the PCN arm) between January 2013 and June 2019. The primary outcome
was a composite of safety end points, including hospital readmission due to VGS bacteremia or adverse events (AEs) from therapy,
Clostridioides difficile infections, treatment modification or discontinuation due to AEs from therapy, and development of extended-
spectrum beta-lactamase resistance. Secondary outcomes included individual safety end points, VGS bacteremia recurrence, hos-
pital readmission, and all-cause mortality.

Results.  Of 328 patients screened, 94 met eligibility criteria (CTX n = 64, PCN n = 30). Streptococcus mitis was the most common
isolate, and infective endocarditis was the predominant source of infection. CTX was not significantly associated with increased risk
of the primary composite safety outcome (CTX 14% vs PCN 27%; P = .139). The driver of the composite outcome was hospital re-
admission due to VGS bacteremia or therapy complications. No secondary end points differed significantly between groups. On

multivariate analysis, source removal was a protective factor of the primary composite safety outcome.

Conclusions.

Despite potential safety concerns with the prolonged use of CTX in complicated VGS bacteremia, this study did

not demonstrate higher rates of treatment failure, adverse events, or resistance.
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Viridans group streptococci (VGS) are an infrequent cause of
bloodstream infections, accounting for ~2% of positive blood
cultures in immunocompetent adults in the United States [1,
2]. VGS commonly colonize the oral cavity, upper respiratory
tract, female genital tract, and gastrointestinal tract and are
often deemed to be contaminants in positive blood cultures
[2]. However, the consequences of pathogenic VGS bacteremia
can vary widely by patient population and infection source
[2]. In immunocompetent patients with intact host defenses,
VGS is considered to have low virulence. However, VGS can be
a leading cause of bacteremia in febrile neutropenic patients,
leading to shock, respiratory compromise, and mortality in up
to 20% of patients [2-4]. Concomitant infections in VGS bac-
teremia such as endocarditis can occur, requiring prolonged
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antibiotic therapy, and are associated with mortality rates of 4%
to 16% [5].

Optimal treatment strategies for VGS bacteremia have not
been well defined. Both penicillin G (PCN G) and ceftriaxone
(CTX) are frequently used for definitive treatment in clinical
practice, and the American Heart Association (AHA) lists both
agents as first-line treatment options for VGS infective endocar-
ditis (IE). Ampicillin (AMP) is a reasonable alternative to PCN
G if a drug shortage or patient intolerance exists [6]. Both PCN
G and AMP require high total daily doses administered over
several times per day. Specific dosing regimens and durations
ultimately depend on VGS susceptibility results, site of infec-
tion, and patient factors.

Antimicrobial stewardship principles encourage the use of
agents with both optimal effectiveness and safety. It is important
to consider the risks for adverse effects and collateral damage in
addition to in vitro activity, pharmacology properties, and con-
venience of administration during antibiotic treatment selec-
tion. While CTX offers an attractive once-daily dosing option,
its use may be associated with increased risk of adverse events
including Clostridioides difficile infection (CDI), laboratory
abnormalities (increased serum transaminases, thrombocyto-
penia), and development of extended-spectrum beta-lactamase
(ESBL) resistance [7, 8]. PCN G and AMP offer targeted,
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narrow-spectrum treatment options for VGS bacteremia with
a relatively well-tolerated safety profile [9-11]. However, the
frequent administration of these agents may be restrictive and
potentially increase the risk of complications such as infusion
line infections, particularly in patients requiring prolonged
treatment in the outpatient setting [9, 10]. Alternatively, while
not common practice at our institution, continuous infusions
of PCN G and AMP can be considered for outpatient antibi-
otic therapy (OPAT) [11, 12]. The total sodium and potassium
content in PCN G formulations can further exacerbate electro-
lyte abnormalities and pose additional risks for patients with
comorbidities such as heart failure.

Previous observational studies have described the use of dif-
ferent treatment options for VGS bacteremia and IE, but com-
parative assessment of clinical outcomes between different
agents is limited [13, 14]. We evaluated whether CTX is associ-
ated with more adverse effects than PCN G when used for com-
plicated VGS bacteremia and whether these risks may outweigh
the benefit of its once-daily dosing. The objective of this study
was to compare clinical outcomes between CTX and PCN G for
the prolonged treatment of complicated VGS bacteremia.

METHODS

Study Design and Population

A single-center retrospective study was performed between
January 2013 and June 2019 at New York University Langone
Health (NYULH), an 800-bed, urban, tertiary care academic
medical center. Patients with 1 or more blood cultures positive
for a VGS isolate who received at least 1 dose of either CTX,
PCN G, or AMP were identified and screened for inclusion.
Diagnosis of a true VGS bacteremia episode was determined
based on at least 1 positive blood culture, documentation of
VGS bacteremia by providers in the electronic health record
(EHR), and initiation of antibiotic therapy for VGS bacteremia
treatment. Complicated bacteremia was defined by the study
investigators as cases requiring at least 4 weeks of therapy based
on commonly prescribed durations for treatment of severe in-
fections, such as IE [2, 6]. Patients receiving a study drug for
at least 50% of the total treatment course were included in the
study and assigned to the corresponding treatment arm, either
CTX or PCN. Patients who received AMP for the minimum
specified duration were assigned to the PCN group. The 50%
threshold for study drug duration was chosen to increase the
likelihood that outcomes would be associated with the study
drug rather than other prescribed antibiotics.

Of note, for VGS bacteremia treatment at our institution,
PCN G is typically dosed at 12-24 million units/d, while the
total daily dose for AMP is 8-12 g/d, assuming normal renal
function. Upon hospital discharge, continuous infusion PCN
G and AMP are options for continued therapy in the OPAT
setting, though not routinely done at NYULH. CTX can be

administered once daily in most cases using a 1- or 2-g dose.
Therapy selection is driven by provider preference in the ab-
sence of formal institutional guidelines for VGS bacteremia.
This study was approved by the NYULH Institutional Review
Board (IRB), and patient consent was not required.

Inclusion and Exclusion Criteria

Patients were included in the study if they were at least 18 years
of age, received at least 4 weeks of overall treatment for a pre-
sumed complicated VGS bacteremia episode, and received
study drug therapy (CTX, PCN G, or AMP) for at least 50% of
the treatment course. Patients were excluded if they (i) had a
polymicrobial blood culture with isolates other than VGS that
were not considered contaminants, (ii) had a blood culture with
VGS that was considered a contaminant, (iii) were transitioned
to hospice care during their treatment course, (iv) died during
treatment before receiving at least 2 weeks of therapy, (v) had
their first VGS bacteremia episode before the study period, or
(vi) received therapy at an outside hospital.

Data Collection

Data collection included patient demographics, comorbidities,
hospital and intensive care unit admission details, VGS bacte-
remia presentation and management, medication therapy, and
microbiological data by review of the EHR. Charlson comor-
bidity index (CCI) was calculated at time of hospital admission,
and Pitt bacteremia score (PBS) was calculated using the most
severe values from the 24-hour time period before and after the
first positive blood culture was collected. Antibiotic therapy was
categorized as empiric therapy (before availability of suscepti-
bility results), definitive therapy (initial antibiotic prescribed
after availability of susceptibility results), and treatment arm
therapy (based on the study drug evaluated). Individual spe-
cies of VGS and susceptibility results with minimum inhibitory
concentration (MIC) values for each study drug were evaluated
using the VITEK 2 system (bioMérieux).

Outcomes

The primary outcome was a composite of safety end points,
including hospital readmission due to VGS bacteremia or an
adverse event from antibiotic therapy, CDI, treatment modifi-
cation or discontinuation due to an antibiotic-related adverse
event, and development of ESBL resistance. All outcomes were
assessed for the 6-month period following initial positive blood
culture. Patients were censored after they experienced 1 event in
the primary composite end point. Secondary outcomes included
the individual safety end points, VGS bacteremia recurrence,
hospital readmission, and all-cause mortality. Recurrent infec-
tion was defined as the development of a subsequent case of VGS
bacteremia with the same species after completion of the initial
treatment course. CDI was defined as a positive C. difficile test
by polymerase chain reaction in symptomatic patients without
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alternative explanations for diarrhea. Development of ESBL re-
sistance was defined as isolation of a gram-negative bacterium
from any microbiological specimen with resistance to at least
1 third-generation cephalosporin. Source removal was defined
as actions taken to control the presumed foci of infection and
restore optimal function of the site, which included removal of
prosthetic materials and debridement of infected foci (eg, valve
replacement and repair).

Statistical Analysis

Data analysis was performed using IBM SPSS Statistics for
Windows, version 25 (IBM Corp., Armonk, NY, USA). Variables
were expressed as median values with interquartile ranges, as
data were not normally distributed. Univariate comparisons
between the CTX and PCN groups were conducted using the
chi-square test or Fisher exact test for categorical variables and
the Mann-Whitney U test for continuous variables. P values
of .05 denoted statistical significance. Variables with P values
of <.2 on univariate analysis were included in the multivariate
logistic regression model to identify risk factors associated with
the primary composite safety outcome. The Hosmer-Lemeshow
goodness-of-fit test was used to test the power of the model.

RESULTS

Three hundred twenty-eight patients were screened for poten-
tial study inclusion (Figure 1). After exclusion, there were 94
patients who met eligibility criteria, of whom 64 patients (68%)
received CTX, 26 patients (28%) received PCN G, and 4 pa-
tients (4%) received AMP. Baseline characteristics are provided

in Table 1. Patient demographics were similar between the 2
groups, and the majority of patients were elderly Caucasian
men and had preexisting coronary artery disease and/or con-
gestive heart failure. In general, study patients did not present
with critical illness, as reflected by a median PBS score of 0 in
the CTX group and 1 in the PCN group. More patients in the
CTX group had a source of bacteremia identified (97% vs 84%;
P =.032) and source removal (16% vs 12%; P = .045). S. mitis
was the most common VGS species identified, and IE was the
predominant source of infection in both treatment arms. The
majority of patients were evaluated by the Infectious Diseases
consult service, with a median evaluation time of 2 days from
blood culture positivity. Treatment details are provided in
Table 2. Vancomycin was chosen as empiric antibiotic therapy
for most patients, and fewer patients in the CTX group received
concomitant therapy with gentamicin (19% vs 43%; P = .012).
Almost all patients who received CTX for definitive therapy
(54/56, 96%) received 2 g every 24 hours. The majority of pa-
tients (97%) who received definitive therapy with PCN G or
AMP received our recommended daily dose of 12-24 million
units/d or 8-12 g/d, respectively. Almost all patients received
continued outpatient antibiotic therapy via a peripherally in-
serted central catheter (PICC).

CTX was not significantly associated with increased events
in the primary composite safety outcome (Table 3). The driver
of the primary composite safety outcome was hospital read-
mission due to VGS bacteremia or therapy complications.
Specifically, 7/64 (11%) in the CTX group and 6/30 patients
(20%) in the PCN group met this end point. Reasons for these

Patients with positive VGS blood

Did not receive treatment arm course for 250% of a 4-week course,
or did not receive =4-week treatment course, n = 156
Polymicrobial blood culture, n = 33
VGS considered contaminant, n = 13
Transitioned to hospice care during treatment course, n = 13
Died before receiving =2 weeks of therapy, n =9
Current admission was a recurrent VGS bacteremia episode, n = 6
Received treatment at outside hospital, n = 4

culture
n =328
v
Included
n =94
A y
CTX PCN G/AMP
n =64 AMP, n = 4; PCN G, n =26

Figure 1.

Flowchart for patient inclusion and exclusion. Abbreviations: AMP, ampicillin; CTX, ceftriaxone; PCN G, penicillin G; VGS, viridans group streptococci.
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Table 1. Baseline Characteristics

Variables CTX (n =64) PCN G/AMP (n = 30) PValue
Age, median (IQR), y 69 (58-81) 64 (52-80) 422
Male 42 (65.6) 22 (73) .455
Ethnicity
White 50 (78.1) 21 (70) .393
African American 7 (10.9) 2 (7) 714
Hispanic 5 (7.8) 2(7) 1.000
Asian 2(3.1) 4 (13) .080
Other/not specified 01(0) 1(3) 319
Medical history
Congestive heart failure 17 (26.6) 6 (20) 490
Coronary artery disease 12 (18.8) 6 (20) .886
Diabetes mellitus 9 (14.1) 7 (23) .265
End organ damage 2/9 (22.2) 2/7 (29) .603
Chronic kidney disease (moderate or severe) 7 (10.9) 2(7) 714
Chronic obstructive pulmonary disease 4 (6.3) 2(7) 1.000
Liver disease 3(4.7) 0(0) 549
Mild 1/3 (33) N/A N/A
Moderate 0/3 (0) N/A N/A
Severe 2/3 (66) N/A N/A
Solid tumor 2(3.1) 2(7) .5690
Metastatic 1/2 (50) 1/2 (50) 1.000
Leukemia 2(3.1) 0(0) 1.000
Lymphoma 1(1.6) 1@Q) .5639
Charlson comorbidity index, median (IQR) 4 (2-5) 3 (2-5) .386
Pitt bacteremia score, median (IQR) 0(0-2) 1(0-2) 764
Prior episode of C. difficile infection 0(0) 0(0) n/a
Concomitant PPl or H2RA administration 20 (32.3) 10 (33) 918

All data are expressed as No. (%) unless otherwise noted.

Abbreviations: AMP ampicillin; CTX, ceftriaxone; H2RA, histamine type-2 receptor antagonist; IQR, interquartile range; PCN G, penicillin G; PPI, proton pump inhibitor.

readmissions included valve repair surgery for new develop-
ment or worsening of preexisting valve insufficiency (n = 5),
infection complications with septic emboli (n = 3), spinal os-
teomyelitis progression (n = 3), and concern for or confirmed
PICC-associated bacteremia (n = 2). The clinical characteris-
tics of the patients readmitted due to VGS or therapy com-
plications are provided in Supplementary Table 1. None of
the secondary end points differed significantly between the
groups. Microbiological evidence of ESBL resistance and de-
velopment of CDI were infrequent. Neither therapy modifi-
cation nor discontinuation due to an adverse drug event or
infection recurrence occurred in any study patients. CTX was
not associated with increased risk of all-cause mortality or
6-month readmission rates, although the time to first readmis-
sion was numerically shorter in the CTX group (31 vs 53 day;
P =.135). Of note, similar results were demonstrated in the
subgroup of patients with IE (n = 58). CTX was not signifi-
cantly associated with increased risk of safety outcomes when
compared with the PCN group (12.5% vs 23.5%), even in the
patients who received CTX and gentamicin for any duration.
Among the 25 patients who received concomitant gentamicin
for any duration (range, 1-38 days), the majority of patients
(n =21) had IE.

Univariate and multivariate analyses were conducted to iden-
tify patient demographics and treatment details that predicted
events in the primary composite safety outcome (Table 4).
There were no variables significantly associated with the pri-
mary composite safety outcome on univariate analysis. In the
multivariate logistic regression model after including variables
with P < .2 and adjusting for covariates, source removal was
found to be a protective factor (odds ratio [OR], 0.116; 95% CI,
0.020-0.6771; P = .017). Patients who received at least 2 weeks
of gentamicin combination therapy were selected for the uni-
variate and multivariate analyses based on the minimum du-
ration recommended by AHA guidelines for IE therapy when
indicated. Concurrent therapy with gentamicin for >2 weeks
(OR, 6.553; 95% CI, 0.893-48.106; P =.065) trended toward
significance as an independent predictor of the primary com-
posite safety outcome.

DISCUSSION

There are very few clinical studies evaluating commonly used
treatment options for VGS bacteremia, and none focus on the
comparison of individual beta-lactams and their associated ad-
verse events. The prolonged course of treatment required for
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Table 2. VGS Bacteremia Treatment Details

VGS Bacteremia Treatment CTX (n =64) PCN G (n = 30) PValue
Hospital length of stay, median (IQR), d 8 (5-11) 10 (6-13) 159
Admission to ICU 8(12.5) 7 (23) .229
Duration of ICU stay, median (IQR), d 4.5(1-9) 6 (3-7) 779
Isolate group
S. mitis 45 (70.3) 18 (60) .324
S. anginosus 8 (12.5) 8 (27) .095
S. bovis 2 (3.1) 2(7) 592
S. mutans 5(78) 1(3) .661
S. salivarius 4 (6.3) 1(3) 1.000
Beta-lactam allergy 14 (21.9) 0(0) .004
Penicillin 13/14 (93) N/A N/A
Severe 114 (7) N/A N/A
Cephalosporin 1/14 (7) N/A N/A
Severe 0/14 (0) N/A N/A
Source of bacteremia identified 62 (96.9) 25 (84) .032
Out of n = 62: Out of n = 25:
Infective endocarditis 41 (66) 17 (68) .847
Prosthetic valve endocarditis 20 (49) 6 (35.3) .347
Skeletal 8(12.9) 6 (24) 213
Skin and soft tissue 7 (11.3) 3(12) 1.000
Intra-abdomina 5(8.1) 0(0) .316
Central line 1(1.6) 0 (0) 1.000
Central nervous system 2(3.2) 1(4) 1.000
Pulmonary 0 (0) 1(4) .287
Urinary tract 0(0) 0(0) n/a
Multiple 4 (4.8) 3(12) 405
Other 2(3.2) 0(0) .045
Source removal 16/62 (25) 12/25 (48) .045
Time to source removal, median (IQR), d 1(0-9) 5 (2.25-8.50) 277
Susceptibility, susceptible + intermediate
Penicillin 62 (96.9) 30 (100) 1.000
Intermediate 16/62 (25) 4/30 (13.3) .709
Ampicillin 61 (95.3) 30 (100) .549
Intermediate 9/61 (14.1) 4/30 (13) 1.000
Ceftriaxone 62 (96.9) 24 (80) .027
Intermediate 1/62 (1.6) 1/24 (4.2) .590
Empiric therapy
Vancomycin 57 (89.1) 25 (83) 512
Ceftriaxone 4(6.3) 0(0) .303
Other 3(4.7) 5(17) .105
Definitive therapy
Ceftriaxone 56 (87.5) 0(0) -
Penicillin G 6 (9.4) 26 (87) =
Ampicillin 1(1.6) 4 (13) -
Cefazolin 1(1.6) 0 (0) -
Infectious diseases consult 63 (98.4) 30 (100) 1.000
Time to consult, median (IQR), d 2 (1-3) 1.5 (1-2) .826
Combination therapy with gentamicin 12 (18.8) 13 (43) .012
Duration, median (IQR), d 3(1.5-13.5) 14 (5.5-275) .034
Time to documented clearance of blood culture, median (IQR), d 2 (1-3) 1.5 (1-2) .079
Duration of total therapy, median (IQR), d 41.5 (30-44) 42.5 (31.75-47.25) .334
Duration of definitive therapy, median (IQR), d 36.5 (25.25-42) 39.5 (28-41.25) .34
Duration of treatment arm, median (IQR), d 38 (27-43) 39.5 (28-41.25) 961
Outpatient line access® 62 (97.9) 30 (100) 1.000
PICC 59 (95.2) 30 (100) .548
Midline 3/62 (4.8) 0(0) .548

All data are expressed as No. (%) unless otherwise noted.
Abbreviations: CTX, ceftriaxone; ICU, intensive care unit; IQR, interquartile range; PCN G, penicillin G; PICC, peripherally inserted central catheter.

“One patient completed therapy course inpatient; 1 patient completed therapy course with oral cefpodoxime.
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Table 3. Outcomes

CTX (n =64) PCN G (n = 30) PValue
Primary end point
Composite safety end point 9 (14.1) 8(26.7) 139
Secondary end points
Composite safety end point components
At least 1 readmission due to VGS or therapy 7 (10.9) 6 (20) .336
Microbiological evidence of ESBL 1(1.6) 1(3) .539
C. difficile infection 1(1.6) 1(3) .639
Therapy modification or discontinuation due to adverse drug event 01(0) 01(0) 549
Infection recurrence 0(0) 0(0) N/A
Hospital readmission
At least 1 readmission in 6 mo 24 (375) 16 (63) 148
No. of readmissions, median (IQR), d 0 (0-1) 1(0-1.25) 341
Time to first readmission, median (IQR), d 31 (15-60) 53 (29-91) 135
All-cause mortality 0(0) 2(7) .100

All data expressed as No. (%) unless otherwise noted.

Abbreviations: CTX, ceftriaxone; ESBL, extended-spectrum beta-lactamase; |QR, interquartile range; PCN G, penicillin G; VGS, viridans group streptococci.

complicated VGS bacteremia raises theoretical safety concerns,
particularly for the collateral damage historically associated
with third-generation cephalosporins. CTX was selected for
definitive treatment in more than double the number of cases
as PCN G and AMP combined within our 6-year study period.
This decision may have been driven not only by its once-daily
dosing option, but also by the number of VGS isolates with in-
termediate susceptibilities to PCN G and/or AMP and by al-
lergies to PCN. Contrary to our study hypothesis, CTX was
not associated with greater incidence of hospital readmission
due to VGS or an adverse event from antibiotic therapy, CDI,
treatment modification or discontinuation due to an antibiotic-
related adverse event, or development of ESBL resistance when
compared with PCN G and AMP for the treatment of com-
plicated VGS bacteremia. Our findings suggest that source
removal is protective against poor safety outcomes, while

gentamicin therapy for at least 2 weeks may be a potential pre-
dictor for increased risk of poor safety outcomes.

Despite the paucity of safety comparisons between agents
in this setting, there is prior literature evaluating the efficacy
of beta-lactams for VGS IE. Knoll and colleagues conducted a
single-site observational study focusing on treatment efficacy
in 29 adult patients with IE due to penicillin-resistant VGS
[13]. Of the patients considered cured, treatment varied with
respect to antibiotic regimen chosen: 9 were treated with PCN
and an aminoglycoside, 8 received a bimodal combination
regimen with PCN or CTX plus an aminoglycoside or CTX
monotherapy, and 9 were treated with either a combination
regimen or monotherapy with vancomycin or CTX. The only
adverse event reported was the development of seizures in 1 pa-
tient receiving high-dose (40 million units/d) PCN G. Another
study demonstrated that a 2-week course of once-daily CTX

Table 4. Univariate and Multivariate Analysis

Primary Composite Safety Primary Composite Safety P

Outcome Met (n = 17) Outcome Not Met (n = 77) Univariate OR (Cl) PValue  Multivariate OR (Cl)  Value

CTX 9 (52.9) 55 (71.4) 0.45 (0.154-1.316) 139 0.53 (0.144-1.957) .342

Duration of treatment arm 14 (82.4) 52 (67.5) 2.24 (0.590-8.526) 227 1.84 (0.433-7.776) 410

>4 wk

Source removal 2 (11.8) 26 (33.8) 0.26 (0.056-1.231) .073 0.13 (0.021-0.822) .030

Coronary artery disease 1(56.9) 18 (24) 0.2 (0.025-1.598) 181 0.10 (0.010-1.126) .063

Gentamicin >2 wk duration 4(23.5) 6 (7.8) 3.64 (0.901-14.713)  .078 6.55 (0.893-48.106)  .065
Congestive heart failure 3(176) 20 (26) 0.59 (0.153-2.268) 547 - -
Endocarditis 10 (52) 48 (62) 0.86 (0.296-2.517) 787 - -
CClI, median (IQR) 4 (3-4.5) 4 (2-5) - 784 - -
PBS, median (IQR) 1(0-2) 0(0-2) - 781 - -
Age =65y 8 (47.1) 46 (59.7) 0.60 (0.208-1.722) .338 - -
S. mitis 6 (375) 23 (29.9) 1.41 (0.458-4.333) .563 - -
Infection source identified 15 (88.2) 72 (93.5) 0.54 (0.095-3.028) .606 - -
Moderate or severe CKD 2 (11.8) 7 (9.1) 1.33 (0.252-7.065) .664 - -

All data expressed as No. (%) unless otherwise noted.

Abbreviations: CCI, Charlson comorbidity index; CKD, chronic kidney disease; CTX, ceftriaxone; PBS, Pitt bacteremia score.

6 « OFID « Woetal



plus netilmicin was comparable to a historical control of PCN
G plus gentamicin in 52 patients with IE; VGS was the caus-
ative organism in 31 cases. Other causative organisms were
Streptococcus bovis (18 patients), Gemella morbillorum (2), and
Group C Streptococcus (1) [14]. In both of the studies men-
tioned, the antibiotic regimens used may not reflect preferred
treatment in current real-world practice, and safety parameters
were not specifically measured.

Third-generation cephalosporins are thought to be asso-
ciated with more collateral damage than narrower-spectrum
beta-lactam agents. Internationally, increased rates of ESBL and
vancomycin-resistant Enterococcus (VRE) have been linked to
extensive use of these antibiotics [15-18]. Development of an-
tibiotic resistance is promoted by both prolonged antibiotic ex-
posure and the spectrum of activity for agent(s) utilized [16].
Additionally, cephalosporin use and its association with CDI
has been established in many case—control studies [19, 20]. The
Centers for Disease Control and Prevention (CDC) attribute
improved appropriate antibiotic use to the overall reduction in
deaths from antibiotic resistance both in the general popula-
tion and hospitalized population over the years [19]. A 2-year
pre—post study at a 500-bed hospital reported that extensive re-
striction of cephalosporins led to an 80% decrease in use and a
44% reduction in the incidence of ESBL-producing Klebsiella
infections [21]. Additionally, restriction of injectable third-
generation cephalosporins at another site led to a 92% reduc-
tion in use and a 50% reduction of CDI cases [22]. CDI and
ESBL isolation were infrequent in our study, with only 1 oc-
currence for each end point per treatment arm. In comparison,
reported incidences of CDI and ESBL in the aforementioned
studies, following interventions targeting cephalosporins, were
significant at 22 cases per 1000 admissions and 0.48 cases per
1000 patient-days, respectively [21, 22]. Antimicrobial steward-
ship principles are still important in regulating the use of these
agents to minimize adverse effects on both an individual level
and a population level [18].

In the ambulatory setting, prolonged OPAT can result in
many potential safety concerns. Complications include line-
related infections, line occlusions, and drug intolerances, all
of which can ultimately lead to hospital readmissions [23, 24].
Duncan and colleagues evaluated safety outcomes in >1300
cases with CTX via OPAT from 2001 to 2010. VGS accounted
for ~10% of isolates, and IE accounted for 25% of indications
[25]. Interestingly, CTX was found to have an excellent safety
profile overall in the OPAT setting without a strong link to CDI,
suggesting other patient and environmental factors contrib-
uting to CDI risk [25]. In our study, the majority of patients
completed most of their treatment course with OPAT. The low
incidence of CDI in our study’s CTX group (only 1 patient per
group) is consistent with literature describing CTX in the OPAT
setting, although our study was limited by a small sample size.
Administration of PCN G and AMP in the outpatient setting

may be accomplished via a multidose intermittent infusion or
continuous infusion strategy. While continuous infusion AMP
is not offered upon discharge from our institution due to prior
data reporting the short stability of AMP, published experience
supports the feasibility of both continuous infusion AMP and
PCN G as options for more targeted therapy with relatively
well-tolerated safety profiles [11, 12].

IE was the predominant source of infection in our study.
Treatment of VGS IE may consist of beta-lactam monotherapy
or in combination with aminoglycosides [5]. The AHA guide-
lines suggest gentamicin combination therapy to shorten the
total duration of treatment, depending on PCN G MIC [6].
Sexton and colleagues yielded a cure rate of 96% for both a
2-week course of CTX plus once-daily gentamicin and a reg-
imen of CTX alone for 4 weeks [26]. Approximately 50% of
patients with IE in our study received gentamicin, with a wide
duration range of 1 to 38 days. Although we did not evaluate
cure rates, there were no cases of infection recurrence identified
in our study, and IE was not associated with increased risk of the
primary composite end point. Additionally, aminoglycosides
also carry significant safety concerns that can be exacerbated
in patients with preexisting renal impairment or concomitant
exposure to other potentially nephrotoxic agents [14]. In our
study, combination therapy for at least 2 weeks with gentamicin
demonstrated a trend toward increased risk of poor safety out-
comes, supporting the concerns of potential negative safety
consequences with aminoglycosides. Similar to observational
studies for streptococcal IE, we demonstrated that source re-
moval was a protective factor in the overall cohort of patients
with VGS bacteremia [27, 28].

There are several limitations to this study. First, it is a single-
center retrospective study with a small sample size. In the
absence of prior literature in this setting, we were unable to con-
duct a power calculation to determine the number of patients
needed to detect a difference between groups. Furthermore, the
study period chosen was dictated by the timeframe of available
data in the EHR. Our study captured a very small number of pa-
tients with malignancies. Therefore, it does not sufficiently de-
scribe safety outcomes in patients with febrile neutropenia, in
whom higher rates of clinically significant VGS infections have
been reported, with associated mortality rates, compared with
the general population. Event rates for both CDI and develop-
ment of ESBL resistance were low, limiting the ability to com-
pare treatment groups with respect to these outcomes. Finally,
although patients received agents other than their assigned
treatment arm therapy during the bacteremia courses, efforts
were made to evaluate the antibiotic most likely attributing to
end points evaluated based on duration of each agent relative to
the total course. The selection of antibiotic regimens for empiric
vs definitive treatment as well as inpatient vs outpatient man-
agement reflects management of VGS bacteremia in real-world
practice.
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To our knowledge, this study is the first to directly compare
safety outcomes of CTX vs PCN G or AMP in complicated VGS
bacteremia treatment. We did not identify any overt differences
in safety between CTX, PCN G, and AMP in their propensity
to cause readmission due to VGS or an adverse event from anti-
biotic therapy, CD], treatment modification or discontinuation
due to an antibiotic-related adverse event, and development of
ESBL resistance. The overall rate of patients who experienced an
event in the primary composite safety outcome highlights the
importance of identifying associated risk factors. Source control
was identified as a protective factor, while use of combination
therapy with gentamicin may be associated with poor safety out-
comes. We did not find clinical outcomes to justify limiting the
liberal use of CTX for definitive therapy in this setting; however,
we cannot exclude the risk of collateral damage and increased
risk of other safety concerns over PCN G and AMP given the
limitations of a single-center retrospective study. Our findings
warrant further exploration in a larger prospective trial.
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